Cognitive deterioration during rapid ascent to high altitude (HA) has been investigated using various types of neurophysiological tests 5, 6 . ERPs are good index which objectively quantify the level of cognitive impairment as compared to other psychometric tests employed for assessing cognitive functions [7] [8] [9] . The ERPs give an idea about the time course of information processing including expectancy, attention, cognition search, decision making and memorization 10 .
Previous studies have employed gas breathing mixture to assess the effect of hypoxia on ERP 6 . A rapid ascent to simulated 4300 m altitude led to an increase in P300 latency and prolongation of reaction time while the amplitude of P300 decreased 6 . A similar experiment using a low oxygen breathing mixture reported an interaction of hypoxia and stimulus intensity for reaction time, N200 latency and P300 latency 5 . Our earlier studies carried out after 1 st and 3 rd week of induction to altitude of 3500 m in Western Himalayas revealed a prolongation in latency of P300
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. Another study on days 6 and 8 at 3200 and 4300 m respectively in Eastern Himalayas also showed the same trend 12 . However, there is no information on ERP on long term residence at high altitude. The present study was aimed to evaluate changes with long term residence (1 and 6 months) at HA on P300 response. It was hypothesized that changes in P300 response would occur after 1 month and 6 months of residence at 4115 m and these would depend upon the duration of residence at HA.
Material & Methods
The study was carried out on 18 healthy male volunteers from Indian Army in the age group of 22-30 yr. They were lowlanders from north India with no previous exposure to high altitude and about to be posted to HA [T R Junction (4115 m), Eastern Command, North Sikkim] for the next 2-3 yr. The volunteers were selected from Army Headquarters, Delhi, specially for this study in 2006. They were free from any neurological disorder, sleep-related and cardiac problems and diabetes. All the volunteers had thorough ENT check-up including audiometry to rule out any ear pathology affecting hearing. They were not taking any sort of psychotropic, psychoactive or other drugs during the course of the study.
All volunteers were explained the purpose and relevance of the study and written individual informed consent was obtained. The entire protocol was approved by Ethics Committee of the Institute (Defence Institute of Physiology & Allied Sciences, Delhi). In the first trial, the ERPs were recorded at sea level (SL) where the oxygen saturation was found to be 98 ± 1 per cent. The subjects were transported by road from SL to 3200 m altitude in the Eastern Himalayas, where they stayed for six days. Then they were inducted by road to 4115 m (oxygen saturation was 86±2%), where they were stationed for the next 6 months. The second and third trials were carried out at 4115 m after 1 and 6 months of their stay, respectively.
Recording of P300:
The P300 response was recorded using the standard auditory oddball paradigm (Nicolet, USA). The volunteer was instructed to lie down and relax on a bed in a dimly lit room and instructed to fix the eyes on a particular spot on the roof to avoid any electro-ocular artifacts. The ground electrode was placed at FPz. Two reference electrodes were placed one on the left ear lobe (A1) and the other on right ear lobe (A2). P300 response was recorded from the vertex (Cz & Pz) in response to stimuli presented monaurally through head phones. The input impedance of electrodes was kept below 5 kΩ. The frequencies of rare and frequent stimulus were 750 Hz and 2 KHz respectively and rate of presentation was 0.9 Hz. Alternating tone bursts with 100 µs duration and 80 dB intensity were used randomly. The peak latencies of N100, P200, N200 and P300 and amplitudes of wave P200 and P300 of target stimuli (rare) were calculated.
Statistical analyses:
Values were expressed as mean ± SE. Analysis for statistical significance of changes during the successive episode (SL, 1 & 6 months) was performed using one way analysis of variance (ANOVA) for repeated measures. If there was any significant change in ANOVA, scheffe's multiple comparison F test 13 was used for post-hoc analysis (SPSS 10.0). Statistical significance was fixed at P<0.05.
Results & Discussion
The latencies of N100, P200 and N200 wave did not show any significant change after one and six months stay at HA compared to SL values. P300 wave latency recorded a significant delay after one and six months as compared to sea level (SL). The latency of P300 wave at SL was 295.33 ± 3.716 msec, it significantly increased to 307.17 ± 4.329 msec after 1 month (P<0.05) and to 311.83 ± 4.486 msec after six months (P<0.01) at 4115 m. However, there was no significant difference between 1 and 6 months values of P300 latency. The amplitude of P200 (AMP-2) and P300 (AMP-3) peak did not show any significant change (Table, Fig.) .
In the present study, delay in P300 wave latency was observed after one month and 6 months of stay at 4115 m. A study by Hayashi et al 14 has reported a prolongation in P300 but no change in N100 response latency after two hours of exposure to a simulated high altitude of 4500 m. Our earlier study carried out at altitude in 1 st and 3 rd week after induction to 3500 m showed an increase in latency of P300
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. Another study also showed prolonged P300 latencies at 3200 and 4300 m on day 6 and day 8, respectively 12 .
Event related potentials give information about the time course of information processing including expectancy, attention, cognition and working memory. The long-latency ERP components are sensitive to the same factors that affect mental performance i.e., attention, task difficulty, memory load. The latency of the P300 response depends upon the speed by which the information content of relevant stimulus is being evaluated 10 . It is these aspects which are ready to be affected by hypobaric hypoxia.
Specific cognitive processes are associated with specific components of ERP. The P300 component, occurring approximately 300 msec subsequent to the presentation of a stimulus must be counted, and recognized 15 . It reflects a later, rather than earlier, more controlled and voluntary memory and decisionmaking capacity. In the present study, only the P300 component was significantly altered at 1 and 6 months at 4115 m showing a decrement in the mentioned cognitive capacities at HA which not only persisted for the duration of the study i.e., 6 months but also became more severe at 6 months as compared to 1 month. This is an agreement with other studies at HA on various aspects of performance 16, 17 .
The N100 and P200 are considered indices of early attention capacities related to stimulus processing 18 , while N200 component is considered an index of stimulus detection 19 . The N100, P200 and N200 may reflect the stage of early attention (automatic or obligatory) to the stimuli. Since the latencies and amplitudes of N100, P200 and N200 remained unaltered in the present study, it can be assumed that the capacities reflected by these components are less sensitive to hypobaric hypoxia.
There were individual differences in the response recorded at HA in 18 volunteers. Of the 18 participants, there was an increase in P300 wave latency in 12 volunteers after one month and six months of stay at HA, while 6 volunteers recorded no significant changes in P300 wave latency at 1 / 6 months. A previous study 20 reported similar individual differences in performance of a reaction time (RT) task with no change in N100 and N200 components of ERP at simulated HA of 6000 m. The difference in response may be attributed to Values are mean± SEM (n =18). P * <0.05, ** < 0.01 compared with sea level. N1, negative peak 100; P2, positive peak 200; N2, negative peak 200; P300, positive peak 300; AMP-2, amplitude 200; AMP-3, amplitude 300; msec, Milisecond; µV, Microvolt
Fig.
Representative waveform depicting the prolongation of P300 latency at 1 and 6 months of residence at 4115 m, whereby indicating towards furthering of deleterious effect of hypoxia with respect to time of stay at high altitude. However, amplitude of P200 and P300 peaks did not show any significant change indicating no compensatory mechanism in force. N1, negative peak 100; P2, positive peak 200; N2, negative peak 200; P300, positive peak 300. different arousal levels of the participants as measured by EEG in another study 21 .
AMP-3 did not show any significant change at high altitude. It has been reported that P300 amplitude depends upon the selective attention of the volunteer; it is greater for attended rather than unattended target stimuli, greater with better motivation and task priority 22 . It is larger for relevant stimuli; it is reduced in distraction or multi task paradigms where attention of the participant to the relevant stimulus is reduced 23 . In a study, the amplitude was reported to increase when participants were told that their performance was being monitored and would be compared to others 24 . In the present study possibly the volunteers may have put in an extra effort to attend to the odd-ball paradigm task due to which the amplitude may not have altered significantly, as reported in a recent study following sleep deprivation 25 .
The central mechanisms responsible for the effect of hypoxia on cognitive performance are not clear. It is likely that the direct effects of mild transient hypoxia on brain causes variations in the level of specific neurotransmitters involved in cognitive processes because the experimental studies on rats showed alterations in synthesis of monoamines under simulated hypoxia 26 . Alterations in norepinephrine, serotonin, dopamine and enzyme tyrosine hydroxylase, choline acetyl transferase and glutamine acid decarboxylase were found in our recent studies on exposure to simulated hypobaric hypoxia in rat cerebral cortex, pons, midbrain and hypothalamus (unpublished data). Acetylcholine (Ach) is another neurotransmitter involved in the regulation of learning and memory process 26 . The rates of synthesis of serotonin, dopamine and the amino acids are reported to be sensitive to hypoxia by other workers 27 .
It may be inferred that hypoxia at HA may tantamount to being one of the factor such as decrement of cognitive processing speed and/or sensitivity of the brainstem neurons to auditory input among others to cause disturbance in cognitive function which manifests as prolongation in P300 latency.
